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DISCLAIMER

This work of authorship and those incorporated herein were prepared by Contractor as accounts of work sponsored by an agency
of the United States Government. Neither the United States Government nor any agency thereof, nor Contractor, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, use made, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency or Contractor thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency or Contractor thereof.

COPYRIGHT NOTICE

This document has been authored by a subcontractor of the U.S. Government under contract DE-AC05-000R-22800. Accordingly, the
U.S. Government retains a paid-up, nonexclusive, irrevocable, worldwide license to publish or reproduce the published form of this
contribution, prepare derivative works, distribute copies to the public, and perform publicly and display publicly, or allow others to

do so, for U. S. Government purposes.
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Y-12 Objectives and Strategies

Strategic Objective 1

* Ensure the safety, health,
and protection of workers,
the public, and the
environment.

Strategies to Achieve
This Objective

« Fully integrate safety into
the design of new
equipment and facilities.

STRATEGIES TO ACHIEVE THIS OBJECTIVE
» Achieve a goal of Target Zero (zero
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implementing a human performance-

based, integrated safety improvemnent plan.

Achieve site Environmental Management
System targets and objectives to reduce
low-level waste storage areas, unneeded
materials, and chemieals.

Establish an employee wellness program
to improve employee behaviors and health
and te enhance productivity.

Fully integrate safety into the design of
new equipment and facilities.

KEY SUCCESS INDICATORS

Full implementation of the integrated
safety improvement plan.

Implementation of an employee wellness
program.

Achievement of the best safety record
among NWC sites by 2008.

Recognized excellence in environmental
T
P

e and waste gement.

jectives and Strategies

ENSURE THE SAFETY,
HEALTH, AND PROTECTION
OF WORKERS, THE PUBLIC,
AND THE ENVIRONMENT.

The nature of our work demands
actions that far exceed those

of most private or commercial
enterprises. In our nuclear business,
we work with hazardous, high-
consequence materials in facilities
that demand the highest code

of operational conduct. As we
work to achieve our vision, we will
ensure the safety and health of
every worker, the public, and the
environment.




UPF Conceptual Design

« UPF has integrated safety and security into design

UPF Extend Process Modeling

172005 4 I [ l 1 l l l 1272005
Visioneering Facility Desi
Pre-COR BFDs [ 60% PFDs And Lean Mfg aclly | Uesian
‘ Training Layout Criterla

112005 \ 212005 \ 42005 I 712005

Cnre Team Involvement and Input

(Operations, Facility Safety, ES&H, RadCon, Crltlcallty
Safety, Fire Protection, Securlty, QRA, NMC

2 X006 6 12006

“SDIT”
1420045 /xznns / Gr200%5 I 82005 112006
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Identification and Hazard Evaluation Study Requirements Hazards Analysis
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Approach to Integration Planning

* Develop an Integrated Management Plan
* Indentify disciplines that systematically
submit design features and controls.
— Flow sheet the process

— Coordinate the points of technical
iIntegration

— Synchronize hazard evaluation studies

— Define the process for resolution and

elevation thought the Integrated Project
Team

— Schedule the integration points and
activities
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Integrated Management Plan

CCB - Change Control Board

IDT - Integrated Design Team

IPT — Integrated Project Team

FAM — Functional Area Manager

AHJ — Authority Having Jurisdiction

SDIT — Safety-In-Design Integration Team
DAR — Design Authority Representative
DOE - Department of Energy

NNSA — National Nuclear Security Administration

Core Team Other Subject Matter Experts (as required)
Organization Supported Organization Supported Organization Supported | Organization | Supported
By By By By
Project/Site Project/Site Project/Site Project/Site
Safety Site Safety Analysis | Project Construction Site Maintenance | Site
Engr. Safety
Industrial Site Crticality Project Construction Stte UPF Start-up | Site
Hygiene Safety
Rad Con Site Fire Protection | Site & Project | Procurement Project Technology | Project
Development
Environmental | Site Nuclear Site Human Site Technical Site &
Compliance Operations & Performance Specialists Project
Start-up Improvement (tnc. Design
Engmeering)

Waste Site Safeguards and | Project Legal Site Y-12 Site
Operations Security Readiness
Emergency Site Operations Site & Project | Project Project Occupational | Site
Preparedness Controls Medicine
Emergency Site Environmental, | Project
Response Safety & Health
Quality Project
Assurance

Oversight by YSO (Project and Site)
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Integrated Management

Operations and
Transition Plan

| Security Plan

NMC&A Plan

| Startup Plan

| Maintenance Plan

| Training Plan

| Construction Plan

| Contracting Plan

Project Controls
Plan

BWXT Y-12 Acquisition
Plan

Procurement Plan

Project Materials
Management Plan

Material Assignment
Schedule

Automation Plan

Lessons Learned Plan

Information Technology
Plan

Requirements
Management Plan

Risk Management Plan

Project Execution
Plan/Preliminary Project
Execution Plan

Configuration
Management Plan

Plan

Corrective Action
Plan(s)

Integrated Management

Plan

Document Control and
Records Management
Plan

Quality Assurance

Plan

Engineering Execution
Plan

Safety Design
Strategy

Value Management
Plan

Systems Engineering
Management Plan

Technology Development
Plan

RAM Plan |

Commissioning Plan |

Operations, Maintenance,
and Technical Support
Staffing Plan

Readiness Plan

Engineering Test Plan(s)

ES&H Plan

Regulatory Oversight Plan

Waste Management Plan
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SDIT Work Flow Diagram
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Safety-in-Design Integration Team

« SDIT Reporting Relationships On UPF

Integrated
Project
Team
(IPT)
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Safety-in-Design Integration Team

« SDIT Objectives:

Ensure collaboration and consensus between design and
safety support functions has occurred.

— Capture, manage, and work with designers to develop
solutions to concerns, cross-discipline professional .
differences of opinion, and requirement conflicts that arise
during the design process.

— Achieve consensus on a low composite design solution that
meets requirements and criteria before recommending that
design proceed related to that concern.

— Elevate any requirement conflicts, minority reports, and
concerns that are unable to be resolved in a timely manner
the Design Authority, affected Functional Area Managers,
Authorities having Jurisdiction for resolution.

— Trend all design solutions that result in a change to the
baseline.

— Ensure design integration tools are used consistently (e.g.
3D/4D computer-aided design (CAD?, document review
software, requirements management software, and other
collaborative software).
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SDIT Meetings/Actions

* Actions to-date:

Integrated Management Plan Input
Charter and Approaches Input

Work Flow Diagram Input

Monthly SDIT Project Status Meetings
Issue Specific SDIT Meetings

* Design Criteria

« Machining Containment

« HVAC Confinement

« SS, SDC-2 Fire Alarms

« Others

Daily Collaboration Within Co-located Project
Team
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Integrated Hazard Evaluation Studies

» Keeping objectives aligned with
information availability

— Be prepared to respond to “clairvoyance
expectation”

* Verify pre-requisites available
e Critical Role of Leaders and Scribes

* Group size and composition
— Availability of the right team members

» Keeping activities synchronized
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Unexpected Benefits

* Excellent Forum To Resolve Non-safety
Technical And Programmatic Issues

* Information Exchange Within Integrated
Design Team

* Training Opportunities
* Benefits to Support Facilities
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Top Challenges

« Requirements conflicts

— Project advocates and scrutineers want to
sub-optimize around parochial topic.

— Selecting the lowest composite risk design
solution must remain the project teams
objective.

* Requirement complexity

— Expect to deal with 2000 to 4000
requirements with major projects
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Top Challenges

Advancing the “how we intend to operate the
equipment” in concert with hardware
development

* Chemical Safety

* Design for Construction Safety
— not just constructability

« Sustainable design

* Environmental permitting — NEPA Non-
attainment

 Human Performance Improvement
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HPI-Specific Ergonomic Tests

RULA (Rapid Upper Limb Assessment) : to test
postures, forces, and activities that have been
shown to contribute to Repetitive Strain Injuries

(RSls)

Snook and Ciriello : to test frequencies of
repetitive motion

Fit : to test if the target population fits the
workspace

Reach : to test if the target population can reach
controls and displays

Vision : to test if the target population can view
adequately controls and displays and to ensure
that their view is not obstructed
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RULA - Rapid Upper Limb Assessment

 Evaluates individuals exposures to
postures, forces, and muscle activities
that have been shown to contribute to
Repetitive Strain Injuries.

* Developed by Drs. Lynn McAtamney
and E. Nigel Corlett and first described
in 1993.

* This ergonomic evaluation approach
results in a risk score between one and
seven, where higher scores signify
greater levels of apparent risk.
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Typical RULA Worksheet

RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below.

A. Arm & Wrist Analysis
S_l\nrap 1: Lociie Upper Arm Position

Final Upper Arm Scars

of the bodi <L
Final Lower Arm Soare

Step 3: Locate Wrist Position

Ities
+1 )
— e =2
o T Gem i

Step 3a: Adjust...

st is bemn from the madEne: +1 Firal Wirisr Sonre
Step 4: Wrist Twist

If wrist is twisted main 1; e -

If twist at or near end = 2 rr fwas Senr

Step 5: Look- -up P Posu.lr\e Scoré in Table A

Use values Emven sseps 1,2 Incase

uable A Poscure Score A -

Slep 6: Add Muscle Use Score

n 1 muinuee) g
me or mose +L

Forcgfoed  Score

Muscle Use Soore -

SCORES

Table A
Wrist
upper | Lower 1 /E 3 4
A Arm WAt bt /,(fmu st | weristhedst | Wi nedst
L 1 2 2 2 2
/ 1 1 f 2 2 2 3 3
I:l 1 2 2 2 2 2 3 3 3 3
3 ;’ )z') 3 3 3 2 4 a
1 2 E S E £ 4 s
2 2 ?( 3 3 3 3 s 4 &
/ﬁ S s 4 s 4 2 s 5
1 S E 4 s 4 2 s 5 -
3 ,2’ 3 2 4 & 4 2 5 5 \—J
3 4 2 4 2 4 B s s o
1 4 4 4 s 4 B s 5
4, 2 4 2 4 s 4 B s 5
3 4 s 4 5 5 5 5 ]
1 s = s € s 3 s v
£ 2 5 € & 3 5 7 7 7
3 s g = 7 7 7 B 5
1 T 7 T 7 7 B s el
i} 2 ] 8 ] g 5 s ] ]
3 3 L 3 L s E s 3
Table C
EEREEEEEECEES
] T ]
2]z 2|s[a 4|8 [s
s [2 2 z|a a|s[e
a2 2 s|afesls = I—_—Ll
|4 a|ls]e & | r
= s e e[7 7 ¢ =

Final Score=

Keep a copyv in the employvee's personnel folder for future reference.

B. I\Ieck, Trunk & Leg Analysis
Slep 9: Locae Neck Position

0o m e I m Iides .

i

Step 9a: Adjust...
d: «1; If neck = side-bending: +1

Step IO Locae Trunk Position

If meck is ¢

- .
/s(.’{"\
e i o - Z
a9t il -

Step Tha: Adjust...

Finel Trun 1; If eumk is side-bendine: +1

_Step 11: Legs

1 2 3 4 El 5
— Legs L=g=s Legs Legs Legs Lepgs
meck [ [z [z ]z ]z 1]z]1=
1 afzfz]z[2]=ss]s[e|"|7
Table B z ===~ [~
3 3 3 3 4 4 = 5 =3 - T T 7
4 5 5 5 E & 7 T T T T -3 -
= R EEREERE
B e [eale|ele]aela]als]=]=]=

Step 12: Look-up Posture Score in Table B
Use wvalues from sieps 89,8 10 o Ioczre Posmare Soore in
Pommwe B Scove Table B

Step 13: Add P.II.IS.(:Ie Use_Score

Step 14 Add Forcen'load Score

Musde Use Score Tion 4;'min

d or shocks: «3

Slep 15: Find Column in Table C
The complered sonre Meck, Trunk 8 Leg
Final Neck, Trunk & Lep Sonre analysis is man on Cham ©

Foroefpad  Sooee

ed o

Subject:
Company:

Scorer:

Department:

Date: / [/

L

FINAL SCORE: 1 or 2 = Acceprable;

3 or 4 investigate further;

© Profsssor Alaw Hedge, Cornell University. Feb. 2001

5 or 6 investigate further and change soon; 7 investigate and change immediately
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RULA - Rapid Upper Limb Assessment

FINAL SCORE: 1-2 = Acceptable; 3-4 = investigate further; 5-6 = change soon; 7 = change immediately

Side: (:] LefE

—Parameters
Posture

RULA Analysis (Amer50%Man)

W Right

() Static @ Intermittent ) Repeated
Fepeat Freguency
@ <4 Timesimin, 12} =4 Times/min,

L] arm supportediPersan leaning
[ arms are working across midline
[ check balance

Laad: |0l

=

—SCore

Acceptable

Final Score: 1

Final Score =1:

green

*indicates the posture is acceptable

[%]

RULA Analysis (Amer50%pMan)

Side: 7y |eft W Right
—Parameters

Posture

() Static W Inkermittent () Repeated
Repeak Frequency

L Timesimin, 2 = 4 Timesfmin,

[ arm supportediPerson leaning

iarms are working across midline |
[ check balance

Load: I 10lb =

—Scare
Final Score: & [ ]

Inwvestigate Further and change soon

Final Score = 6:
sorange

sindicates that investigation and
changes are required soon
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Simulation Analysis for Human Safety

o Software uses NIOSH 81 and 91 standard
equations.

* Provides quick method to check 5%-95%
population for exposure to likely risk of
upper limb disorders.

* Allow assessment of repetitive work.

* Allows re-assessing any changes in
manufacturing design to improve human
well-being and process productivity.
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Manual Materials Handling Tables

Female - Lifting Task Ending Below Knuckle Height (<28")
" Indicates Required Entry

* Object Weight (Pounds): 40

* Hand Distance: Jinches

* Lifting Distance: 20inches «

* Frequency One Lift Every: 8 hours A

Calcul

Population Percentage: 80%

283'!

Reprinted from the Ergonomics Image Gallery™ with permission from E

The illustrations, instructions and principles contained in the material are
best of our knowledge, current at the time of publication. No attermpt has

codes, standards, or regulations. Please refer to the appropriate code, standard, or r=gu|atlcn making authority for

intarnratatinn Ar ~larificatinn

Liberty Mutual Manual Matenals Handling Guidelines

TABLE 1 F - FEMALE POPULATION PERCENTAGES FOR LIFTING TASKS
ENDING BELOW KNUCKLE HEIGHT (<28")

HAND
DISTANCE 7 INCHES 10 INCHES 15 INCI
FREQUENCY

OMNE LIFT EVERY 128 30s Im  &m  &h 15  30s 1m  Sm  2h 155 30s 1m
28 - - - - 13 - - - - - - -

65 20 - - - - 29 - - - 14 - - -

10 - - - - 34 - - - 20 - - -

28 = = = = 17 = = = = = =

62 20 = - - - 35 - - = 19 = = =

10 = = = = 40 = = = 26 = = =

25 - - - - 22 - - - - - - -

59 20 - - - - a1 - - - 25 - - -

10 - - - - 45 - - - 32 - - -

28 = = - - 29 - - = 14 = = =

56 20 = s = = 45 = = = | = = =

10 = = = = 53 = = = 35 = = =

285 - - - - 35 - - - 20 - - -

53 20 - - - - 54 - - - k1] - - -

Ea‘* ﬁ 10 - - - 12 59 - - - 45 - - -
0 wi| 28 = s = = 43 = = = 26 = = =
= | 50 T | 20 = s = 13 61 = = = 45 = = =
) O 10 = = = 17 65 = = = 53 = = =
e Z| = - - - - 51 - - - 34 - - -
o | 47 =| 20 - - - 19 &7 - - - 53 - - -
- | 10 - - 14 24 71 - - 11 80 - - -
- Of 8 = = = 11 =53 = = - 42 - - -
T |la| 2| 20| - - 1. 2 73| - : 13 80 | - -
9 <{| 10 14 168 20 32 76 - = 17 &7 - - -
w E 28 - - - 18 66 - - - - 51 - - -
g M — | 20 - 14 24 3/ 78 - - 11 20 68 - - -
- O 10 | 21 23 29 41 21 - - 14 24 73 - - -
) M| 25 = 12 16 26 73 = = - 13 60 = = =
w | 2@ Z| 20 16 22 33 46 83 - - 18 20 74 = = =
- —| 10 | 30 33 38 50 85 | 14 16 22 34 78 = = =
om W | 25 | 17 19 25 37 79 - - 11 2 68 - - -

e =)




Snook and Ciriello

Lift-Lower Analysis {Amer75%Woman) [%)

—Posture
O Initial @ Final: _Record/Modify |
—Guideline

| Snook & Cirisllo 1991
— Specifications

1 lift every: I 6005

Population sample: I?S%

—Repork
Mame:

| Lift-Lawer1
Cubpuk

05t kzb My DocumentsiLiF

Maximum Acceptable Weight; 30,4016

Close I

Maximum Acceptable Weight
equals 30.40 Ibf

A weigh that the selected
population (75%) can handle
Initial Posture Final Posture with reasonable safety. Q




How will the equipment be operated?
onment will it be used?
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-
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Fit Test




Reach Test

‘Al TP

Glove box task Work Envelope
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Vision Test
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$ Now or $$% Then

100X

10X

1X

Cost of
Change

Manufacturing

Design

Engineering
o
Design

Production
+

Manufacturing

Engineering
o
Design

Process Development

ANSYS, Inc. (2003) White Paper on the Design Innovation Process
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HPI Training for Designers - Eliminate
Error Likely Situation by Design




